Emerging roles of microglial cathepsins in neurodegenerative disease.
Alzheimer's disease (AD) is one of the leading causes of dementia, and its prevalence is expected to increase dramatically due to the aging global population. Microglia-driven neuroinflammation may contribute to the progression of AD. Microglia, the immune cells of the central nervous system (CNS), become chronically activated by the pathological proteins of AD including amyloid-β peptides (Aβ). Such adversely activated microglia secrete mediators that promote inflammation and damage neurons. Cathepsins are proteases that are expressed by all brain cell types, and most of them are found both intra- and extra-cellularly. Microglia express and secrete several different cathepsins, which support various immune functions of microglia, in addition to their involvement in key neuroinflammatory pathways. This review focuses specifically on microglial cathepsins B, D and S, which have been implicated in AD pathogenesis; we identify their roles relevant to microglial involvement in AD pathogenesis. As dysregulated microglial function and neuroinflammation can contribute to AD progression, cathepsins should be considered as potential therapeutic targets for the development of effective AD treatment options. We conclude that the specific inhibition of microglial cathepsin B may lead to neuroprotective outcomes in AD, while the functions of this cysteine protease in neurons appears to be very complex and further studies are required to fully elucidate the pathophysiological role of neuronal cathepsin B. Examination of the CNS roles of cathepsins is limited by the shortage of highly selective inhibitors, with CA-074 being the only available specific cathepsin B inhibitor. We also conclude that non-specific inhibition of aspartic proteases, including cathepsin D, may promote adverse CNS effects, and may not be safe as AD therapeutics. Finally, cathepsin S inhibition has shown promise in preclinical studies due to its neuroprotective and anti-inflammatory effects; however, the many homeostatic roles of cathepsin S must be considered during the subsequent stages of development of cathepsin S inhibitors as AD therapeutics. Discovery of novel, highly selective inhibitors of various cathepsins and their clinical testing are required for the development of effective future AD therapies.